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Delirium after gastrectomy
In addition to advanced age, there is growing evidence that systemic stress and the inflammatory response also play important roles in the pathogenesis of delirium [1, 5, 6] . Thus, reducing perioperative stress and inflammatory responses may mini mize the occurrence of delirium. Laparoscopic gastrectomy, compared with open gastrectomy, causes less surgical trauma due to the minimal abdominal wall incision. It also offers other important advantages, such as reduced postoperative pain, reduced use of opioid analgesics, and faster functional recovery [7] . These advantages may lead to reduce postoperative delirium [1] .
Thus, we hypothesized that laparoscopic gastrectomy would prevent or protect elderly patients from developing postoperative delirium more than open gastrectomy. To test this, we conducted a prospective, non-randomized, controlled study to compare laparoscopic versus open gastrectomy in patients aged ≥ 65 years with gastric cancer with respect to postoperative delirium (primary outcome) and postoperative cognitive decline (secondary outcome).
Materials and Methods
This study was approved by the Institutional Review Board at our hospital. All patients provided written informed consent before study entry. Between March 2013 and January 2014, 130 consecutive patients of American Society of Anesthesiologists physical status I or II, aged ≥ 65 years, scheduled to undergo elective laparoscopic gastrectomy (n = 65, LG group) or open gastrectomy (n = 65, OG group) for gastric cancer were enrolled.
Exclusion criteria were a preoperative score less than 24 on the Mini-Mental State Examination (MMSE) [8] , neurological diseases, or diagnosed dementia before admission for surgery, and any other psychiatric illness. Patients unable to communicate due to severely impaired hearing were also excluded.
Anesthetic and operative procedures
Routine monitoring was used, and a BIS Quatro sensor (Covidien, Mansfield, MA, USA) was applied to the patient's forehead before inducing anesthesia. With no premedication, anesthesia was induced intravenously with lidocaine (30 mg), propofol (1.5-2.0 mg/kg), and rocuronium (0.5 mg/kg), and was maintained with sevoflurane and 50% oxygen in air. Anesthesia was supplemented with an intravenous (IV) infusion of remifentanil at a constant rate (0.05 μg/kg/min) until 5 min before the end of surgery. The depth of anesthesia was controlled by altering the inhaled sevoflurane concentration, based on the hemodynamic response and bispectral index (BIS) values (target values of 40-60). Muscle relaxation was supplemented with IV vecuronium (0.02 mg/kg) at regular intervals.
Throughout surgery, end-tidal concentrations of sevoflurane were recorded at 5 min intervals using a pre-calibrated gas monitor (Datex-Ohmeda Airway module for Aestiva/5 M-CAiOVX-S5, Helsinki, Finland). In each patient, the anesthetic exposure was also calculated as the minimum alveolar concentration (MAC)-h (average MAC × length of exposure). In addition, at the end of each case, BIS data were collected from the internal memory of the BIS monitor and stored on a disk for further offline analysis. The BIS reading was taken as the average of four readings at 15 s intervals over a 1 min period with the smoothing ratio set at 15 s. Then, we calculated the time-averaged BIS values during the surgery. The amount of time when the BIS was < 40 (as an indicator of deep hypnosis) was noted. At the end of surgery, the residual neuromuscular blockade was reversed with IV glycopyrrolate (8 μg/kg) and pyridostigmine (0.2 mg/kg). Gastric resection and determination of the dissection area of the lymph node stations were performed based on the 2010 Japanese gastric cancer treatment guidelines [9] . Laparoscopic gastrectomy procedures included both laparoscopy-assisted gastrectomy and totally laparoscopic gastrectomy. At our institution, the surgical indication for both laparoscopic procedures was the same: preoperative stage T1-2N0-1. While a 25-30 cm-long upper median skin incision was made for the open gastrectomy, a 4-5 cm midline incision in the epigastrium (laparoscopy-assisted gastrectomy) or vertical incision in the infraumbilical port site (totally laparoscopic gastrectomy) was made for laparoscopic gastrectomy. The three participating surgeons were all familiar with both open and laparoscopic surgery and had performed each procedure more than 100 times.
After surgery, all patients were managed using the following standardized postoperative protocol: (1) IV patient-controlled analgesia (PCA) using 120 mg of ketorolac and 1,200 μg of fentanyl in 100 ml of saline (the basal infusion rate, bolus dose, and lockout interval were 0.5 ml/h, 0.5 ml, and 15 min, respectively), and IV injection of rescue analgesics (25 mg of meperidine) at the patient's request, (2) removal of the nasogastric tube and Foley catheter on postoperative day 1, and encouragement of early ambulation, (3) clear liquid diet after the first flatus, and (4) discharge after tolerance of a soft diet for 2 more days if no surgical or systemic complications occurred.
Outcome measures
The presence of delirium was assessed once a day for up to 3 days postoperatively with the Confusion Assessment Method (CAM), which has been validated in the elderly with high sensitivity and specificity [10, 11] . For CAM-positive patients, the severity of delirium was then assessed using the Delirium Index (DI) [12] . The DI includes seven neurocognitive symptom domains (disorders of attention, thought, consciousness, orientation, memory, perception, and psychomotor activity),
each scored on a scale from 0 (absent) to 3 (present and severe). Thus, the total DI score ranges from 0 to 21, with a higher score indicating greater severity.
Cognitive function of the patients was assessed using the MMSE (score range of 0-30) the day before surgery, which was then repeated on days 1, 2, and 3 postoperatively. A decrease in MMSE score ≥ 2 points from baseline was considered to indicate a decline in cognitive function [13] . All tests were conducted independently by a trained research nurse blinded to the group assignment.
Pain score at rest and coughing on 11-point numerical rating scale (NRS), cumulative IV PCA consumption, and cumulative rescue analgesic consumption were recorded on days 1, 2 and 3 postoperatively. Postoperative recovery profiles (time to first time out of bed, time to first ward ambulation, time to pass flatus, and length of hospital stay) were also documented.
Statistical analysis
The primary outcome was the overall incidence of postoperative delirium within 3 days after surgery. We projected this incidence to be 35% in the OG group, based on the findings of several previous studies [2, 3] . We considered a 2/3 reduction in the incidence in the LG group would be clinically significant. Assuming a statistical power of 80% at an alpha level of 0.05, we estimated that 59 patients would be required per group. To account for potential for drop-outs or incomplete follow-up for some subjects, we planned to enroll 130 patients.
Categorical variables (e.g., the presence of delirium or cognitive decline) were compared using the Pearson's χ 2 -test with a continuity correction or Fisher's exact test, as applicable. Continuous variables (e.g., MAC-hours, pain NRS score, cumulative IV PCA or rescue analgesic consumption, and postoperative recovery profiles) were tested for normality using the Kolmogorov-Smirnov test. Non-normally distributed continuous variables were analyzed using the Mann-Whitney U-test. Normally distributed variables were analyzed using the unpaired ttest. In both groups, further sub-group analysis was performed to examine the association between postoperative delirium and cognitive decline. P < 0.05 indicated statistical significance.
Results
Of the 130 subjects enrolled, two in the OG group and five in the LG group were excluded (Fig. 1) . Finally, 63 subjects in the OG group and 60 subjects in the LG group were included in the analysis.
While 48 cases of subtotal gastrectomy and 15 cases of total gastrectomy were performed in the OG group, 38, 21, and 1 case in the LG group were laparoscopy-assisted distal gastrectomy, totally laparoscopic distal gastrectomy, and totally laparoscopic total gastrectomy, respectively. Except for estimated blood loss, there was no significant difference between the groups in demographic, anesthetic, and surgical data (Tables 1 and 2 ). In both groups, preoperative baseline MMSE values were similar: 27.0 ± 1.7 in the LG group and 26.7 ± 1.7 in the OG group.
Assessed for eligibility (n = 141) Excluded (n = 11) 4 Declined to participate 7 Ineligible due to:
preoperative MMSE score less than 24 (4), dementia (2), severe hearing impairment (1) Allocated to group OG (n = 65)
Dropped out (n = 2) : aborted surgery after discovering peritoneal seeding (2) Analysed (n = 63) Allocated to group LG (n = 65)
Dropped out (n = 5) : aborted surgery after discovering peritoneal seeding (1) : concurrent surgeries other than gastrectomy (2) : conversion to open surgery (2) 
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Delirium after gastrectomy All NRS pain scores at rest and coughing in the LG group were significantly lower than in the OG group at 24, 48, and 72 h postoperatively. Significantly less of both IV PCA and rescue analgesic were required in the LG group than in the OG group (Table 3) .
In both groups, the overall incidence of postoperative delirium was similar: 31.6% (19/60) in the LG group and 41.2% (26/63) in the OG group (P = 0.359). Regarding the individual prevalence of delirium on each of the 3 days after surgery, there was no significant difference between the groups (Fig. 2) . In both groups, most delirium was observed on postoperative day 1 (18/19 delirious patients in the LG group and 22/26 in the OG group). 4.4 ± 0.9 3.9 ± 0.7 0.002* Length of hospital stay (days) 8.4 ± 1.1 7.8 ± 1.5 0.018* Data are expressed as the means ± SD. NRS: numerical rating scale, IV PCA: intravenous patient-controlled analgesia. *Statistically significant difference (P < 0.05).
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No patient in either group was newly diagnosed with delirium on postoperative day 3. When considering only those in whom delirium occurred, the severities of postoperative delirium, expressed as the highest DI score, were similar between the LG and OG groups (5.4 ± 1.7 vs. 6.0 ± 3.4; respectively) (P = 0.477). In both groups, no pharmacological intervention occurred. Declines in cognitive function during the 3 days postoperatively were observed in 23/60 patients of the LG group (38.3%) and 27/63 patients of the OG group (42.9%) (P = 0.744). Regarding the individual prevalence of cognitive decline on each of the 3 days after surgery, there was no significant difference between the groups (Fig. 3) . Postoperative cognitive decline started most often on day 1 after surgery (23/23 in the LG group and 23/27 in the OG group). On postoperative day 3, only 6 patients in the LG group and 14 in the OG group exhibited persistent declines in cognitive function. For those with postoperative cognitive decline, 14/23 (60.9%) in the LG group and 23/27 (85.2%) in the OG group experienced postoperative delirium. In both groups, postoperative cognitive decline was significantly associated with postoperative delirium (P < 0.001 in both).
All the functional recovery outcomes (time to first time out of bed, time to first ward ambulation, and time to pass flatus) were significantly more rapid in the LG group than in the OG group. As a result, these differences in function recovery resulted in a shorter hospital stay in the LG group versus the OG group (Table  3) . However, further subgroup analysis showed that delirious patients had a similar length of hospital stay to non-delirious patients in both groups.
Discussion
Postoperative cognitive deterioration is one of the most common complications in elderly surgical patients. Contrasting postoperative cognitive decline or delirium, postoperative cognitive dysfunction typically develops over weeks to months, and the diagnosis requires sensitive pre-and post-operative neuropsychiatric testing. However, because of similarities in risk factors, postoperative cognitive decline, delirium, and cognitive dysfunction are generally considered to be part of the same continuum. Among the various risk factors, surgical stress itself plays a major role in the pathogenesis of delirium [1] . Previous experimental [5] and clinical [6] studies have suggested that surgical trauma results in increased levels of inflammatory cytokines and cortisol in the peripheral and central nervous system and thus impairs cognitive function.
In light of this pathogenesis, we hypothesized that laparoscopic gastrectomy, compared with open gastrectomy, would result in favorable cognitive outcome because it causes minimal abdominal wall incision. However, in contrast to our expectations, there was no significant difference in either the incidence or severity of postoperative delirium between laparoscopic and open gastrectomy.
It is clear that laparoscopic gastrectomy causes less surgical trauma than conventional open surgery that requires a large abdominal incision (25-30 cm). A previous randomized study [14] confirmed the minimally invasive nature of laparoscopic gastrectomy with regard to inflammation and postoperative LG) groups. There was no significant difference between the groups in the individual prevalence of cognitive decline on POD 1, 2, or 3 (P = 0.982, P = 0.174, and P = 0.111, respectively). There was no significant difference between the groups in the overall incidence of cognitive decline during 3 days postoperatively (P = 0.744). groups. There was no significant difference between the groups in the individual prevalence of delirium on POD 1, 2 or 3 (P = 0.697, P = 0.055, and P = 0.094, respectively). There was no significant difference between the groups in the overall incidence of delirium during the 3 days postoperatively (P = 0.359).
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Delirium after gastrectomy recovery. Thus, a reasonable explanation for our result is that the difference in the degree of surgical trauma and subsequent inflammation was not large enough to see a difference in the development of delirium between the groups. This assumption is supported by a recent prospective study [15] , in which the incidence of postoperative delirium was similar between elderly patients undergoing open versus laparoscopic colectomy. Unlike our study, that study evaluated serum levels of inflammatory markers, and found that the interleukine-6 levels were higher in the open group than in the laparoscopic group. Similarly, another retrospective study [16] suggested that there was no relevant relationship between the surgical approach and the incidence of postoperative delirium in elderly patients undergoing colon surgery. Although the neuro-inflammatory hypothesis of delirium seems to be persuasive, the extent of surgical trauma is not the sole determining factor for the development of postoperative delirium. However, because we did not attempt to measure the serum levels of inflammatory parameters or proinflammatory cytokines, further studies are needed to clarify our assumption.
In this study, we confirmed that laparoscopic gastrectomy resulted in reduced postoperative pain and opioid analgesics (fentanyl as IV PCA and meperidine as rescue analgesic) consumption, and a more rapid return to physical activities, compared with open gastrectomy. However, these advantages in laparoscopic gastrectomy did not lead to reduced postoperative delirium. Although postoperative pain is suggested to be associated with postoperative delirium [1, 17] , its relative importance in postoperative delirium remains unclear. Especially, in this study, the difference in the NRS pain scores between the groups was not very large during the postoperative 3 days, although it was statistically significant. Furthermore, there is controversy as to whether postoperative pain or opioid analgesia (opioid administration per se or the amount of opioid consumed) is an independent risk factor for postoperative delirium [18] .
Postoperative delirium is the result of a complex interplay of predisposing (patient vulnerability) and precipitating (anesthetic, operative, and postoperative) factors. In the presence of major predisposing factors, even trivial precipitating factors may trigger delirium, whereas in patients with only minor predisposing factors, a major precipitating insult is necessary to trigger delirium [17] . A recent study [19] confirmed these interactions between pre-existing predisposing factors and acute precipitants. That study found that the effect of postoperative pain and opioid doses on the incidence of postoperative delirium was not same for all patients; patients with high baseline risk factors are more vulnerable to postoperative pain interventions. When considering the high incidence of postoperative delirium in the LG and OG groups, it is possible that the vulnerability for developing delirium among patients at high preoperative risk (e.g., advanced age and upper abdominal surgery) was sufficiently high that the additive effect of postoperative pain or opioid doses might not be detectable in our study.
In this study, the first-line analgesics were fentanyl and ketolorac, which were administered by IV PCA mode. In addition, IV meperidine (a routine IV analgesic in our surgical wards) was administered as a rescue analgesic. Many studies have suggested a strong association between the use of meperidine and delirium [1, 17] . In this study, however, the reduced meperidine consumption in the LG group did not decrease the risk of postoperative delirium compared to the OG group. Consequently, the most likely explanation for this is that even the reduced extent of meperidine consumption in the LG group might have been large enough to trigger delirium in most cases.
Generally, anesthetic technique is known to have no effect on postoperative delirium. However, a growing body of evidence suggests that a long period of deep hypnosis (usually defined as BIS < 40) may increase the risk of postoperative delirium [20] . Thus, in this study, anesthetic technique was standardized as BIS-guided sevoflurane anesthesia with constant infusion of supplemental remifentanil. As a result, the total duration of deep hypnosis was comparable between the groups. This study had several limitations. First, it was non-randomized. Thus, there was a selection bias. The superiority of laparoscopic gastrectomy is relatively obvious for early gastric cancer, but its suitability for advanced gastric cancer remains controversial. Thus, it would be unethical to decide surgical approach in a truly randomized manner.
Second, patients were assessed for delirium for only 3 days postoperatively. It has been shown that delirium occurs predominantly within the first 2-3 days after surgery [1, 17] . Thus, our study may well reflect the actual incidence of postoperative delirium.
Third, only one cognitive function test (MMSE) was used to evaluate postoperative cognitive decline. However, the MMSE gives a clear impression of overall cognitive deficits and facilitates monitoring of the development and resolution of delirium in elderly patients [8] . Although the MMSE is not well suited for the more selective and smaller deficits of postoperative cognitive decline, elderly patients may not be capable of proper compliance during a complex cognitive function test situation, especially in the early postoperative period.
Lastly, in both groups, the majority of delirium cases were mild in severity. In this study, we quantified the severity of delirium using the DI because it is a reliable, valid, responsive measure of the severity of delirium [12] . Although how much severe delirium is clinically significant remains an open subject, a potential dose-response relationship between postoperative delirium and long-term negative outcomes has been consistently suggested [21] . Fully developed, prolonged delirium is associated with worse outcomes than mild and/or short-lived
